Data are presented comparing gentamicin to penicillin and streptomycin (Pen-Strep) in tissue culture medium with respect to a number of parameters associated with virology and tissue culture. Unlike Pen-Strep, gentamicin was stable at pH 2 to 10 for 15 days at 37 C in tissue culture medium, and its activity was unaffected by the presence of serum. Moreover, it was stable to autoclaving. Twenty cell types replicated normally at the suggested concentration of 50 gg/ml, and all cells were unaffected by 20 times this concentration. Evidence for its practical use in virus studies was demonstrated in that (i) it was not viricidal to ribonucleic acid or deoxyribonucleic acid viruses at 40 times the suggested concentration at 37 C, (ii) the size and number of plaques were not affected by 20 times the suggested concentration, (iii) interferon assays and production were unaffected by 20 times the suggested concentrations. Gentamicin may be uniquely useful for shipment of clinical specimens and long-term tissue culture and virus studies.
Penicillin and streptomycin (Pen-Strep) have been used in cell culture for years in spite of several undesirable characteristics of the mixture. Streptomycin is rapidly destroyed at alkaline pH, and penicillin is extremely unstable to both acid and alkaline pH. Neither antibiotic can withstand autoclaving, and the activity of penicillin is reduced in the presence of serum. Neither has as wide a spectrum of biological activity as gentamicin.
Occasionally antibiotics which exhibit low cytotoxicity are introduced for use in cell culture studies (e.g., tylosin, bacitracin, kanamycin). However, little effort has been directed towards determining the effects of these antibiotics on several important parameters often measured by the virologist. These parameters include the influence of the antibiotic on cell multiplication, virus replication, virus yield, virus infectivity, interferon production, interferon assays, and numerous other indexes of biological activity.
Gentamicin has biological and biochemical properties which may render it superior to penicillin alone, streptomycin alone, or the two in combination for use in tissue culture. It is active against strains of Proteus and Staphylococcus as well as numerous other grampositive and gram-negative organisms (1). Moreover, unlike Pen-Strep, gentamicin is active against the ubiquitous Pseudomonas strains (1, 13) . When used in tissue culture at the suggested concentration of 50 ug/ml (base equivalent), it is bactericidal for a wide variety of bacteria. Although it is not active against yeasts, fungi, or protozoa, it has been reported to be active against several strains of Mycoplasma (2, 9, 10). These characteristics make gentamicin a candidate for use in cell and tissue culture and also for transport of cell cultures, certain clinical specimens containing viruses, or specimens in which overgrowth by bacteria should be avoided.
The purpose of this study was to evaluate and compare gentamicin in cell cultures with Pen-Strep by studying the influence of these antibiotics on several parameters of common interest to those who employ tissue culture techniques. Data are also presented on the effects of gentamicin on cell morphology and multiplication, virus stability and replication, and the synthesis and assay of interferon. An investigation of the antibacterial activity of gentamicin was not conducted as such studies have been already reported (4, 6, 11) .
Am membrane filter (Millipore Corp.), and stored at room temperature. The stock solution was diluted to 50 ug/ml in tissue culture media, unless specified otherwise. A concentration of 50 gg/ml was chosen on the basis of studies in which the antibiotic potency (minimal inhibitory concentration) of gentamicin was determined against 14 different species of bacteria (14) . Gentamicin consists of several closely related isomeric pseudotrisaccharides and is also referred to as gentamicin complex. It has an average molecular weight of 463. It is available as Gentamicin Reagent Solution (Schering Corp.) and should be distinguished from Garamycin (Schering Corp.). The latter contains, in addition to gentamicin sulfate, methylparaben and propylparaben (preservatives), sodium bisulfite (reducing agent to prevent discoloration), and disodium ethylenediamine-tetraacetate (chelating agent). Garamycin is indicated for clinical use, whereas Gentamicin Reagent Solution is intended for use in tissue culture studies.
Other 50 Jg of gentamicin per ml, and 0.6% agarose. Plates were incubated at 34.5 C for 2 days, and plaques were stained and counted on day 3. Effect of gentamicin on virus replication. Monolayers on 60-mm petri plates (Falcon) were washed once with Dulbecco's phosphate-buffered saline (PBS), infected with 0.5 ml of virus in PBS, and placed at 37 C. One hour later the monolayers were washed three times with PBS followed by the addition of 3 ml of MEM containing various amounts of gentamicin or Pen-Strep and 3% fetal calf serum and incubated at 37 C (rhinovirus-infected cells were incubated at 34.5 C). After 24 to 48 hr, cells and fluids were harvested and stored at -60 C for assay.
Effect of gentamicin on interferon synthesis. Monolayers of L-929 cells were inoculated with eggpropagated NDV at a multiplicity of 10 plaqueforming units (PFU)/cell and adsorbed for 1 hr, and the residual inoculum was aspirated. Petri plates were incubated at 37 C with 3.5 ml of MEM containing 0.5% bovine serum albumin and various concentrations of gentamicin or Pen-Strep. After 24 hr, the fluid was harvested, dialyzed against 20 volumes of HCl-KCl buffer at pH 2 for 5 days at 4 C followed by dialysis against PBS at pH 7 for 3 days at 4 C, passed through a 0.45-Jim filter, and stored at -60 C.
Effect of gentamicin on interferon assays. Interferon was assayed by the plaque inhibition test described by Wagner (12) employing L-929 cells and VSV. Interferon titers were expressed as the reciprocals of the dilution of 1.0 ml of fluid which inhibited 50% of VSV plaques. Assays were conducted in the presence and absence of gentamicin or Pen-Strep.
Stability of antibiotics at various pH levels.
Either gentamicin (50 Jig/ml final concentration) or
Pen-Strep (100 units and 100 Jig/ml final concentration, respectively) was added to a commonly used tissue culture fluid, Medium 199 containing 3% fetal calf serum. The pH was adjusted with 5 N NaOH or 6 N HCl and thoroughly mixed, and 1.5 ml of the complete medium was dispensed into glass ampoules, immediately flame-sealed, and placed at 37 C. At various time intervals, ampoules were frozen at -60 C pending assay for antibiotic activity. Antibiotic assays. Gentamicin was quantitated by the method of Oden et al. (8) . Penicillin and streptomycin were assayed by the methods described by Grove and Randall (5) . RESULTS pH stability of several antibiotics in cell culture medium. The stability of gentamicin at various pH levels was determined and compared with pH stability of Pen-Strep under identical conditions in Medium 199 containing 3% fetal calf serum. Medium was adjusted to the indicated pH (Fig. 1) , and antibiotic was added and dispensed as described (see above). Samples were analyzed for biological activity as described above.
Gentamicin was found to be completely stable at all pH levels. Streptomycin showed progressive loss of activity at pH 6.5, 7.0, 7.5, 8.0, and 10.0, and penicillin lost activity more rapidly than did streptomycin at all pH levels. Furthermore, it was observed that penicillin immediately lost at least 30% of its activity upon addition to the medium containing serum. The decrease of penicillin activity may be attributed to the complexing of the antibiotic with serum proteins.
Antibiotic stabilities to autoclaving. Since tissue culture medium which can be autoclaved is now available, it would be advanta- Other experiments demonstrated that 1 mg of gentamicin per ml incorporated into the agar overlay had no effect on the number or the size of VSV plaques in chick embryo fibroblasts. Size and number of plaques were markedly reduced only at extremely high concentrations (5 mg/ml). Effect of gentamicin on interferon synthesis. L-929 cells were stimulated to synthesize interferon with live NDV as described (see above) in the presence and absence of gentamicin (1 mg/ml). Under these conditions, interferon yields were not affected.
Effect of gentamicin on interferon assays. The influence of gentamicin on the sensitivity of the interferon assay was studied by assaying mouse serum interferon in the presence of several concentrations of gentamicin. Serum containing interferon was diluted in medium with either 50, 100, 500, or 1,000 Aig of gentamicin per ml and incubated with monolayers at 37 C. After 24 hr, the monolayers were washed three times and challenged with 50 to 100 PFU of VSV and overlaid with agarose. Concentrations as great as 1,000 gg/ml had no affect on the assay results. Higher concentrations were not tested. Thus, the sensitivity of interferon assays was unaffected by 20 times the suggested concentration of gentamicin.
DISCUSSION
These and other studies indicate that gentamicin offers several advantages over Pen-Strep for use in cell culture. The data confirmed Casemore's observation (4) which showed that gentamicin was completely stable to autoclaving and thus could be added to media before sterilization. The microbiological activity of gentamicin was As much as 85% of some types of penicillin are bound by human serum (3) . Similarly, 30% of the biological activity of penicillin G was lost immediately when it was added to tissue culture medium containing 3% fetal calf serum (Fig. 1) . The biological activity of gentamicin was not reduced in the presence of serum.
An ideal antibiotic for cell culture should have broad-spectrum antibacterial and antimycoplasma activity as well as freedom from cell toxicity. Gentamicin approaches these requirements. Casemore (4) 
